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Summary
Background. — There is a lack of Tunisian data on the frequency and clinical signiﬁcance of
different coronary artery anomalies.
Methods. — All patients who underwent coronary angiography from March 1996 to December
2006 were considered. Only patients with congenital anomalous aortic origin of the coronary
artery were included.
Results. — Among 7330 adult patients who underwent diagnostic coronary angiography, 20
(0.27%) patients (13men; mean age 53.3 years) had anomalies of the coronary artery origin.
The right coronary artery was the vessel involved most frequently (n = 10); it originated sep-
arately from the left sinus of Valsalva (SV) in three patients and from the posterior sinus of
Valsalva in one patient. In the other patients, it arose from the left main coronary artery or its
branches in a single coronary artery originating from the left sinus of Valsalva. Isolated anoma-
lous left circumﬂex artery was the second most frequent anomaly (n = 6). Isolated anomalous
left anterior descending artery was seen in one patient. A single coronary artery arising from
the right SV was seen in three patients. Atheroslerotic lesions were seen in eight cases. Four
patients underwent coronary revascularization; the remainder received medical management.
All 20 patients are alive and had an uneventful follow-up (mean 34.2months).
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Prise en charge
Conclusion. — L’incidence tunisienne des anomalies congénitales de naissance coronaire chez
l’adulte est de l’ordre de 0,27 %. L’anomalie de naissance de l’artère coronaire droite est la
plus commune. Une prise en charge médicale efﬁcace serait prometteuse.
© 2009 Elsevier Masson SAS. Tous droits réservés.
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ABG coronary artery bypass graft
XA circumﬂex artery
AD left anterior descending artery
MCA left main coronary artery
SV left sinus of Valsalva
SV posterior sinus of Valsalva
TCA percutaneous transluminal coronary angioplasty
CA right coronary artery
SV right sinus of Valsalva
ntroduction
he widespread application of coronary angiography has
esulted in congenital coronary artery anomalies being iden-
iﬁed more frequently and an improved understanding of
he clinical signiﬁcance of such anomalies. Although gen-
rally benign in character, some coronary artery anomalies
re associated with more serious clinical outcomes, such as
ongestive heart failure, arrhythmia, myocardial infarction,
yncope and sudden death.
Coronary artery anomalies may be abnormalities of the
rigin, course or structure of the epicardial coronary arter-
es. An anomalous origin of one or more coronary arteries is
etected in about 0.16—1.3% of patients undergoing coro-
ary angiography [1—16]. There is a lack of Tunisian data
n the frequency of different coronary anomalies. In this
a
•
•eport, we present our experience with primary coronary
nomalies of aortic origin detected during routine coronary
ngiography.
aterials and methods
e reviewed the cardiac catheterization laboratory
atabase. All patients who underwent coronary angiography
n the cardiology department of Sahloul University Hospi-
al (Sousse, Tunisia) between March 1996 and December
006 were eligible for inclusion. Angiograms were reviewed
y at least two experienced independent observers, who
eached a consensus on the origin and course of the anoma-
ous coronary arteries. We considered only major congenital
nomalies of the coronary artery origin. Several minor
nomalies were not considered. Only patients with anoma-
ous aortic origins of the coronary arteries were included.
atients with anomalous pulmonary origins of the coronary
rteries were excluded, as were those with coronary anoma-
ies occurring as part of congenital heart disease and those
ith coronary artery ﬁstulae. Other exclusion criteria wereS. Ouali et al.
Conclusions. — In Tunisia, the incidence of congenital anomalous aortic origin of the coro-
nary artery in adults is 0.27%. The right coronary artery is involved most frequently. Medical
management seems promising.
© 2009 Elsevier Masson SAS. All rights reserved.
Résumé
Introduction. — La diffusion de l’application des coronarographies entraîne une détection de
plus en plus fréquente des anomalies congénitales de naissance des artères coronaires. Peu de
données existent concernant la fréquence et la signiﬁcation clinique des différentes anomalies
congénitales de naissance des artères coronaires en Tunisie.
Méthodes et résultats. — Tous les patients qui ont bénéﬁcié d’une coronarographie entre 1996
et décembre 2006 ont été inclus. Parmi 7330 adultes qui ont bénéﬁcié d’une coronarographie
diagnostique, 20 (0,27 %) patients (13 ans, 53,35 ans± 16 ans) ont des anomalies de naissance
des artères coronaires. La naissance anormale de l’artère coronaire droite est l’anomalie la
plus fréquemment retrouvée et observée chez dix patients (50 %). Celle-ci naît séparément
du sinus de Valsalva (SV) gauche chez trois et du SV postérieur chez un patient. Dans les
autres cas, l’artère coronaire droite naît de la coronaire gauche ou de ces branches en un seul
vaisseau du SV gauche. La naissance anormale de l’artère circonﬂexe est la seconde anoma-
lie fréquemment retrouvée et observée chez six patients. L’anomalie de naissance isolée de
l’artère interventriculaire est observée chez un patient. Une coronaire unique naissant du SV
droit est observée chez trois patients. Des lésions coronaires d’athérosclérose sont retrouvées
chez huit patients. Quatre patients ont bénéﬁcié d’une revascularisation coronaire. Les patients
restants ont eu une prise en charge médicale. Tous les patients sont en vie après un suivi moyen
de 34,2mois.s follows:
the coronary ostium above the sinotubular junction of the
appropriate sinus of Valsalva;
the CXA and LAD originating from separate ostia in the
LSV;
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Figure 1. Selective coronary angiography in left anterior oblique
and from the left CXA in one patient. Final distribution
was normal in all cases. The origin and distribution of the
LMCAs were normal in all cases. The clinical presentation
was acute myocardial infarction in three patients with a mild
atherosclerotic lesion of the LAD in one patient.
Isolated anomalous left CXA was seen in six (30%)
patients, with an angiographic incidence of 0.08%; the ves-
sel originated from the PSV in one patient and from the RCA
in ﬁve patients (Fig. 2). In all of these cases, peripheral dis-
tribution of the left CXA was normal and the LAD originated
from a separate ostium in the left sinus and had a normal
distribution. The clinical presentation was acute myocardial
infarction in the patient with an anomalous CXA arising from
the PSV and dilated cardiomyopathy in one patient.
Isolated anomalous LAD was seen in one (5%) patient,
with an angiographic incidence of 0.01%. The LAD originated
from the proximal RCA with normal peripheral distribution.
The left CXA originated from the left sinus through a sepa-
rate ostium with normal peripheral distribution.
A single coronary artery arising from the RSV was seen
in three (15%) patients with anomalous origin of both the
LAD and the CXA (Fig. 3). The angiographic incidence was
0.04%. In one patient, the LAD arose from the distal CXA; the
clinical presentation of this patient was pulmonary oedema.
Only one patient had associated rheumatic aortic and mitral
valve disease.
Atherosclerotic lesions
Atherosclerotic lesions were detected in eight patients with
congenital coronary anomalies (overall incidence 40%); four
of these patients had signiﬁcant atherosclerotic disease in
the anomalous vessel (Fig. 4), while only normal arteries
were involved in the coronary artery disease in the other
four patients (Fig. 5). No patient had restricted atheroscle-projection (case 18): anomalous RCA arising from the LMCA as a
single coronary artery originating from the LSV in a 21-year-old man
with dilated cardiomyopathy. Medical treatment was proposed.
• the RCA originating from the unusual site within the RSV;
• the RCA displaying separate ostia or proximal branches.
Results
Population
Among 7330 adult patients (mean age, 63.4 years [range,
17—87 years]; 2054women) who underwent diagnostic coro-
nary artery angiography, 20 (0.27%) patients (13men, seven
women) had major anomalies of aortic origin and distribu-
tion of the coronary arteries; the mean age of these patients
was 53.3 years (range, 21—72 years).
The clinical and angiographic characteristics of the
patients are presented in Table 1. A clinical history of acute
myocardial infarction was found in ﬁve patients, of angina
pectoris was found in 11 patients and of heart failure was
found in four patients. The indication for angiography was
the evaluation of coronary artery disease in all except three
patients (cases 18 and 19 had dilated cardiomyopathy and
case 20 had an indication for valve replacement).
Congenital coronary artery anomalies
The congenital coronary artery anomalies are summarized
in Table 1. Table 2 depicts the incidence of the different
coronary artery anomalies in our angiographic population.
The RCA was the vessel involved most frequently (in 10
[50%] patients, with an angiographic incidence of 0.13%).
This vessel originated separately from the LSV in three
patients and from the posterior aortic sinus in one patient
with separate oriﬁces for the RCA and LMCA. In the other six
patients, the RCA arose from the LMCA as a single coronary
artery originating from the LSV (Fig. 1). The RCA originated
from the LMCA in four patients, from the LAD in one patient
Figure 2. Selective coronary angiography in anteroposterior pro-
jection (case 6): anomalous left CXA originating from the right
coronary sinus in a 59-year-old woman referred for angina pectoris.
No atherosclerotic lesions were encountered and the patient was
treated medically.
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Table 1 Clinical and angiographic characteristics of patients with congenital coronary artery anomalies of aortic origin.
Case Sex/age
(years)
Presentation Electrocardiogram Pathology Atherosclerotic lesions Treatment Follow-up
(months)
1 M/30 Acute myocardial
infarction
Apicolateral ST-segment
elevation
Single coronary artery
(LSV)
Thrombolysis/medical 124
2 M/39 Acute myocardial
infarction
Anterior ST-segment
elevation
Single coronary artery
(LSV)
Thrombolysis/medical 60
3 M/71 Acute myocardial
infarction
Anterior ST-segment
elevation
LAD from the proximal
RCA
Moderate stenosis of CXA Medical 74
4 M/21 Acute myocardial
infarction
Inferior-basal ST-segment
elevation
CXA from the PSV Thrombolysis/medical 102
5 M/50 Angina (positive
treadmill test)
Normal Single coronary artery
(LSV)
Severe proximal stenosis of
LAD
CABG of LAD 72
6 F/59 Angina Lateral inferior ST-T
change
CXA from the RCA Medical 21
7 M/60 Angina Anterior T change Single coronary artery
(LSV)
Severe stenosis of LAD,
diagonal and RCA
CABG of LAD, diagonal &
RCA
45
8 F/72 Chest discomfort ST-T change CXA from the RCA Mild stenosis of diagonal Medical 19
9 M/55 Angina Inferior Q wave & lateral
ST-segment change
RCA from the LSV Occlusion of RCA; mild
stenosis of distal LAD
Medical 19
10 F/32 Angina Anterior T wave change RCA from the LSV Medical 22
11 M/51 Acute myocardial
infarction
Anterior ST-segment
elevation; paroxystic
atrial ﬁbrillation
RCA from the PSV Occlusion of RCA; mild
stenosis of LAD
Thrombolysis/medical 15
12 F/67 Angina Lateral ST-segment
change
RCA from the LSV Medical 13
13 M/69 Angina Dyspnoea Left bundle branch block Single coronary artery
(LSV)
Medical 12
14 M/66 Angina Inferior T wave change CXA from the RCA Severe stenosis of RCA & LAD PTCA of RCA & LAD 9
15 F/58 Dyspnoea APO Left bundle branch block Single coronary artery
(RSV)
Medical 10
16 H/60 Angina Normal CXA from the RCA Medical 6
17 F/60 Angina (positive
treadmill test)
Normal Single coronary artery
(RSV)
Stenosis of single coronary
artery
PTCA of single coronary
artery
5
18 M/21 Dyspnoea Chest
discomfort
Left bundle branch block Single coronary artery
(LSV)
Medical 16
19 M/67 Dyspnoea
Palpitations
Atrial ﬁbrillation/ﬂutter
Right bundle branch block
CXA from the RCA Medical 13
20 F/57 Dyspnoea Inferior & lateral T wave
change; atrial ﬁbrillation
Single coronary artery
(RSV)
Mitral valve replacement 27
LSV: left sinus of Valsalva; LAD: left anterior descending artery; CXA: circumﬂex artery; RCA: right coronary artery; RSV: right sinus of Valsalva; PTCA: percutaneous transluminal coronary
angioplasty.
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Table 2 Incidence of the different congenital coronary artery anomalies of aortic origin in our angiographic population
(n = 7330).
Pathology Number of patients Angiographic incidence (%) Anomaly incidence (%)
Isolated anomalous RCA 10 0.13 50
Isolated anomalous left CXA 6 0.08 30
Isolated anomalous LAD 1 0.01 5
Single coronary artery arising from the RSV 3 0.04 15
LAD: left anterior descending artery; CXA: circumﬂex artery; RCA: right coronary artery; RSV: right sinus of Valsalva.
Figure 3. Selective coronary angiography in anteroposterior pro-
jection (case 20): single coronary artery arising from a single ostium
in the RSV in a 57-year-old woman. Coronary angiography was indi-
cated before valve replacement.
Figure 4. Selective coronary angiography in left anterior oblique
projection (case 17): single coronary artery arising from a single
ostium in the RSV in a 60-year-old woman presenting with angina
pectoris and positive treadmill exercise testing. The patient under-
went PTCA of the single coronary artery.
Figure 5. Selective coronary angiography in left anterior oblique
view (case 14): anomalous left CXA originating from the RCA in a
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p6-year-old man presenting with angina pectoris. Note the severe
tenosis in the RCA treated with PTCA.
otic lesions in an anomalous vessel. An anomalous RCA was
nvolved in three cases.
Five of the anomalous coronary artery cases were
iagnosed during angiography performed after myocardial
nfarction; in four of these patients, no atherosclerotic
esions were detected in the coronary artery with abnormal
ocalization.
Two patients underwent coronary artery bypass surgery
nd two underwent uncomplicated percutaneous stent
lacement for severe atherosclerotic coronary stenosis
n either normal or anomalous coronary arteries. The
emaining patients had medical management with prescrip-
ion of beta blockers and angiotensin-converting enzyme
nhibitors if possible. All 20 patients were alive at study
nd and had an uneventful follow-up (mean duration,
4.2months).iscussion
nomalous origin of the coronary artery is a rare occur-
ence. Some retrospective angiographic studies have been
ublished, assessing the incidence of different congenital
206 S. Ouali et al.
Table 3 Incidence of congenital coronary artery anomalies of aortic origin in patients undergoing coronary angiography.
Authors Year of
publication
Number of
patients
Number of
anomalies
Angiographic
incidence (%)
Engel et al. [7] 1975 4250 51 1.2
Chaitman et al. [4] 1976 3750 31 0.83
Baltaxe et al. [2] 1977 1000 9 0.9
Kimbiris et al. [12] 1978 7000 45 0.64
Donaldson et al. [6] 1983 9153 82 0.9
Wilkins et al. [15] 1988 10,661 83 0.78
Yamanaka and Hobbs [16] 1990 126,595 1672 1.3
Topaz et al. [13] 1992 13,010 57 0.44
Cieslinski et al. [5] 1993 4016 39 0.97
Kaku et al. [10] 1996 17,731 56 0.31
Kardos et al. [11] 1997 7694 98 1.27
Garg et al. [8] 2000 4100 34 0.83
Barriales Villa et al. [3] 2001 13,500 54 0.4
Harikrishnan et al. [9] 2002 7400 34 0.46
Aydinlar et al. [1] 2005 12,059 95 0.7
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Present study
oronary anomalies. To the best of our knowledge, this is
he ﬁrst report on the incidence of adult congenital anoma-
ies of the coronary artery origin in North Africa. Worldwide
ncidence has been described previously.
We found an overall incidence of congenital anomalous
ortic origin of the coronary artery of 0.27% among patients
ndergoing diagnostic coronary artery angiography; this is in
greement with the 0.16—1.3% incidence reported in other
eries [1—16]. As seen by Garg et al. [8], more men than
omen had anomalous coronary arteries, possibly because
ore angiograms were done in male patients. However, we
id not include patients with minor anomalies (as deﬁned
bove) or congenital heart disease; such patients have been
ncluded in some studies [11,16] and excluded in others
4,8,12,13]. As seen in Table 3, the highest and lowest
ncidences of anomalous coronary arteries were seen in
orth American [16] and Turkish [14] populations, respec-
ively.
The anomaly that occurred most frequently in our series
as anomalous origin of the RCA (50%); this anomaly has
lso been found to occur most frequently in Japanese [10],
ispanic [13] and Indian [8] populations (79, 62 and 49%,
espectively), and second most frequently in Spanish [3] and
orth American [16] populations (31 and 26%, respectively).
t is evident, therefore, that the incidence of anomalous
rigin of the RCA among congenital coronary artery anoma-
ies varies in different populations. This discrepancy may be
xplained by genetics and geography and may reﬂect the
nevitable nature and bias of a retrospective study.
Aydinlar et al. [1] found that the LMCA was the vessel
hat was most frequently anomalous (48%), although other
eports found that the left CXA was the vessel that was most
requently anomalous [4,12,17].Anomalous origin of the LMCA from the RSV as a single
oronary artery is extremely rare without an associated con-
enital cardiac anomaly and has been reported to constitute
.017% of angiographic series [16,18—20]. We report three
ases of absence of the LMCA, with the LAD, CXA and RCA
a
p
v
a,850 113 0.16
7330 20 0.27
rising from a single ostium in the RSV in two patients; in
he remaining patient, the CXA and RCA arose from a single
stium, while the LAD arose from the distal CXA.
The most frequently occurring clinically signiﬁcant
nomaly is a coronary artery that originates from the con-
ralateral aortic sinus (i.e. the LMCA or the LAD from the RSV,
r the RCA from the LSV). In patients with a single coronary
rtery, sudden death has been reported to be associated
ith a major coronary artery coursing between the aorta and
he main pulmonary artery [21]. Most (59%) patients with an
nomalous LMCA arising from the right sinus die before the
ge of 20 years, usually during or shortly after vigorous exer-
ion. No cases of sudden death or arrhythmia were seen in
ur study.
Sudden death may result from one or several mech-
nisms that compromise ﬂow. Several episodes of brief
schaemia are probably needed to create a substrate for
he catastrophic event [22]. Flow may be compromised
y a slit-like coronary oriﬁce [23], kinking or torsion of
he vessel [24], or by frank compression of the anoma-
ous vessel between the aorta and pulmonary artery [25].
aemodynamic changes during exercise may exacerbate dis-
urbances in ﬂow; they do not appear to be associated with
n increased risk of development of coronary atheroscle-
osis. In adults, ischaemia maybe also a consequence of
therosclerotic lesions within either normal or anomalous
essels.
Involvement of anomalous coronary arteries in ather-
sclerotic disease is at best controversial. Garg et al.
8] found that only 28% of their patients had evidence
f atherosclerosis (signiﬁcant stenosis of proximal vessel
n 21% of patients), thus corroborating the ﬁndings of
opaz et al. [13] and Page et al. [26]. Our study is in
greement with others [8,13] in that there is no predis-
osition for atherosclerotic involvement of the anomalous
essels.
From a clinical standpoint, we report ﬁve cases of
cute myocardial infarction; in two of these patients there
in a
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was a discrepancy between the anomalous vessel and the
localization of the acute myocardial infarction and no
atherosclerotic lesion of the coronary artery was found.
As an ergonovine test was not done, coronary spasm could
not be excluded. Possible explanations are an underlying
‘‘coronary’’ steal phenomenon through the abnormal vessel
or microvascular damage.
Angiographers should be aware of anatomical variations
if they are to make an accurate diagnosis and appro-
priate therapeutic decisions. The course of the coronary
artery and its relationship with great vessels may not
be identiﬁed by using only angiographic views; computed
tomography or magnetic resonance imaging may be help-
ful in both adults and children [27—29]. Chen et al. [28],
found that computed tomography had good measurability
for all coronary arteries and demonstrated its successful
use for the quantiﬁcation of coronary artery diameters
in children. Recently, Srinivasan et al. [29] demonstrated
that 64-slice multidetector row computed tomographic
coronary angiography provided an accurate depiction of
the anomalous vessel origin and course, and the com-
plex anatomical relationship with adjacent structures; the
authors consider computed tomography to be a ﬁrst-line
imaging method for delineating coronary artery anoma-
lies.
Recently, anomalous coronary arteries originating from
the contralateral aortic sinus and coursing between the pul-
monary trunk and aorta have received much attention due to
their association with sudden death [18,19,21,22,30]. How-
ever, there is still not a consensus on the management of
anomalous coronary arteries originating from the contralat-
eral aortic sinus.
Given the difﬁculty in assessing risk, the lack of consen-
sus on the management of anomalous coronary arteries, the
lack of long-term outcome data for surgical management
and the risks of bypass grafting (notably graft occlusion), we
propose medical management for our patients, comprising
beta blockers and angiotensin-converting enzyme inhibitors.
Only patients with atherosclerotic lesions are treated surgi-
cally or interventionally. They do not appear to be associated
with an increased risk of developing coronary atherosclero-
sis. In adults, ischaemia results from a compromised ﬂow
through either the anomalous vessel or the atherosclerotic
normal arteries.
In a recent review, Mirchandani and Phoon [31] high-
lighted the uncertainties regarding the surgical treatment
of anomalous coronary arteries originating from a contralat-
eral aortic sinus (known to be associated with a risk of
sudden death) and the lack of evidence in terms of improve-
ment of long-term outcomes. On the other hand, reports
of apparently successful medical management are encour-
aging, although long-term follow-up and rigorous data are
lacking. Both expectant management and beta blockade
have been reported, with a follow-up duration of less than 2
years [32—34]. In our experience, all patients were treated
with angiotensin-converting enzyme inhibitors and/or beta
blockers and no sudden death was reported at 34-month
follow-up.
Based on our experience, we believe that surgical inter-
vention should be considered when there is no response
to medical therapy, especially in patients with associated
signiﬁcant atherosclerotic lesions.
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onclusion
he incidence and pattern of primary coronary anomalies
f aortic origin in our study seem to be similar to those in
arlier reports. The anomalies do not appear to be asso-
iated with an increased risk of development of coronary
therosclerosis. Angiographic recognition of these vessels is
mportant because of their clinical signiﬁcance and impor-
ance in patients undergoing coronary angioplasty or cardiac
urgery. Because of the risk of sudden cardiac death, close
ollow-up is necessary even if there are no symptoms, and
edical treatment appears to be promising. An interna-
ional registry that includes stringent deﬁnitions of precise
oronary anatomy should lead to a clear consensus on the
anagement of anomalous coronary arteries.
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